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This technical note presents Veritas sttempt of predicting the
results of 3 series of tests with 3" diameter pile segments ds
Loped by Ertec which are to be incstalled and Lcaded st gdiffere
depths in a clay sediment at West Delta, Block SB in the GulLf

Mexico. :

Based on theoretical analysis and the experience frowm the ¥
part of a test series with 1° diameter Laboratory model pil
performed at Veritas on clay from the same location the foliowing
predictions of different test results have been described:
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- sikin friction during insertion

- development of pore wster pressure (installation
- development of total and effective narmal stres
- static capacity in tension and <ompression _
-.load displacement behaviour under static and cyclic Lloading
- degradation of skin Ffriction undsr two-way cyclic imading
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1. GENERAL

The following pages describes in short Veritas® predictions
of the results of the planned segment tests. These predict-
ions are based on the dats presented in Ertec's "Sits
Characterization Report", our own expesrience from the first.
part of the laboratory model pile test program, data from

NGI and NTH about- the behaviour of the West Delta clay under
cyclic loading as well as theorstical analysis and parametric
studies of the influence of different soil parameters on the
interaction between pile and scil under static and cyclic
Loading. »

Az we have at the time of writing received no detailed tes
program describing the planned depths for testing, planned
set-up time, the Loading pattern etc. for the different
series of tests, our predictions may have to be modified
somewhat to better represent the the actual testing condi-
tions. This should preferrably be done prior to the execution
of the segment test program. ) B

. SKIN FRICTION DURING INSERTION

The skin friction expected to develop during insertion of

the pile segment will according to our experience from the
laboratory model pile tests be in the range of 20 o 35
percent of the undrained shear strength of the socil at the
relevant penetration depth. A plot of expected skin friction
on the segments during insertion is shown in Figure 1.

The shear strength curve used as a basis for this prediction
is the interpreted shear strength curve presented on Plate B9
of Ertec's "Site thrac+erz*atlﬁn Heport®,

Further data for prediction of these values would be the
steeve friction measurements performed during the Cone
Penetration Testing (CPTJ).These vaslues have heen plotted in
Figure 1 as well for comparison.

The different shapes of the tip of the Laboratory model pite
and the CPT cone compared with the segment pile may huvm a
certain influence on the development of pore water pressure
and the degres of remoulding during insertion of_the dif=~
ferent devices., We do at present not consider these differen-
ces to be very significant regarding their influence on the
skin friction during insertion.
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3. DEVELOPMENT OF TOTAL NORMAL STRESS AND PORE WATER PRESSURE

Based on the first part of the Laboratory-model pile test
program oJur esxperience is that the total normal stress deve-
toping during pile insertion is not exceeding the verticat
consolidation stress. Tests on material from Stratum IT as
well as from Stratum III performed with consolidation
stresses of 300 kPs vertically and 210 &Pa radially for
Stratum II and 500 kPa vertically, 350 kPs radiaily for
Stratum III indicates that the normal total stress will he

in the order of B0 t0 120 percent of the effective vertical
consolidation pressure. i

On a total stress basis cur findings zre that the ratio
between total normal stress (backpressure subtracted) and
undrained shear strength of the clay Lies in the order of

& to 7, which correspondes well with predictions based on . -
cavity expansion theory by Randeolph, Carter arnd Wroth (41979,
4 prediction of the total normal stress versus penetration is
shown in Figure 2.

3.2 Excess pore water pressure

The pores water pressure measurement system adopted for the
first version of Veritas’' pile equipment does not seem to
have a sufficient fast response to allow conclusions or
predictions at this stage. We haope to improve this sustem
by changing to a miniature pore water pressure transducsr
which will be placed directly at the pile watl.

Prediction of excess pore water pressure immediately after
pilte zegment inserticn could be hased on cevity expansion
theories and on data from various types of pile tests and
piezometer probe inestalliations.

Based on the predictions by Randolph % al. (1979 ore could

- #xpect excess pore pressures in the range af 3 to 4 times

the undrained shear strength of the material, A plot of this
estimate of excess pore pressure as well a3z 3 hest_estimats
of -the total pore pressure tincluding ambient excess pressure
as well as the hydrostatic water pressurse) is shown in Figure
2.




4. DISSIPATION OF EXCESS PORE WATER PRESSURE, SET-UP TIME

Oedometer tests performed by McCleiland, NTH and NGI ail
indicate cv - values in the range of 0.8 to 1.5 miwR/year

for stress Levels comparable to the existing in sity stresses
in Stratum II and III. Ertec’'s tests show higher values,

Oedometer tests performed by Veritas on rembulded and re~
consolidated samples from the large consolidometer indicate
that the cv - values ©f the laboratory model pile coil

'samples in general will be considerabliy Lower and in the

order of 0.1 to 0.2 m¥¥2/year for the tested stress conditions.

Theoretical predictions of the dissipastion of pore water
pressure at the pile surface vs time have been performed

with the program OCEANEB, a 3-dimensicnal, axisymmetric finite
etement program. These predicticns have besn summarized in
Figure &4,

The experience from the Laboratory model pile tests is so far
that set up is taking plece at an extremely low rate. Howsver,
this may be due to cur difficulties in measuring the expected
high pore pressure values directly after pile insertion.

Data from an investigation of excess pore water pressures in
the Mississippi Delta, Bennet and Richards (1979, indicates
set-up curves for a 4" diameter piezometer probe as shown in

Figure 5. When scaled down to 3" diameter pile segment

by a factor of 3"#¥2/4"%%2 = 0.346, the shaded curve results.
One should note the Limited depth of the piezomster probe
used in this investigation compared with the 220 ft total
depth below mudline for the planned larpge scaite field test.

Effects of existing methane gas in the sediment may influence
the pore pressure measurements ctonsiderably. The tidal and
wave induced changes in the water pressure acting on the sza
bed may further Llead to cyclic changes in the measured pore -
water pressures.

Having all these uncertainties and complicating factors in
mind our best estimate is presented in Figure & as expected
pore water pressure vs log time for various depths helow
mudiine.
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3. BKIN FRICTION UNDER STATIC LOADING

Based on our experience from the Laboratory model pile tests
we predict an alpha value in the range 0.5 to 0.6 for the
seggment tests. The Lorrecpﬁndlng skin friction vs depth
below mudline is shown in Figure 7 which represente maximum-
ekin friction values., The residual valuss are gxpected to be

zbout 10 percent Lower and are indic ated in Figure 7 as well.

These values ontradicts the API-regulations which allowse

max imum aLpha values of 1.0 for the soft Gulf of Mexica ctays
& summary of the preliminary Llaborstory model pile test data

about skin friction and undrained shesr strength is presented

in Table 1.

TABLE 1. Summarg of Static Model Pile Results on & Total Stre
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5.2 Effective Stress Basis

An interpretation of measured skin friction &5 a furction of
the measured effective normalt stress has been performed with
the preliminary data from the model pite tests. In Table 2 z
summary of the static test results on an effective stress
basis has been given. The Tahle shows interpreted value
the interface friction angle as well as f&r Burland's b
values,

far

ta

TABLE 2. SBummary of Static Medel Pile Besults on an Effective
SBtress Basis
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The vertical effective consolidation stresses used for those
calculations are corrected for estimated Loss in pressure dus to
wall friction in oedometer and for pore pressure in sample at
time of extrusion from cedometer.

Based on these preliminary results we eupe
range of 0.15 to 0.19 for stratum 2 {85 tan
for stratum 3 (30 to 72 @),

ct heta-values in the
S0 m) and about 0.1




&. DEGRADATION OF SKIN FRICTION DUE TO TWO-WAY CVCLIC LDADING

Two-way cyclic load tests under displacement control showed

that no significant degradation will take place until failure

is reached. This conclusion has been based on the first tests
where a Llimited number of cycles has been applied to the

model pile. -
Degradation started as soon as the cyclic displacement sucesd-

ed the failure displacement of say 2 pesrcent of the pite dig-
meter. The following cycles resulted in & rather fast degrada-
tion towards a rather stable Level some 20 +a 30 percent beslow

the failure Load.

Increasing the relative displacement to 8 percent of the pile
diameter did lead to a further degradation. A summary of some

of these data is given in Table 3 below.

TABLE 3. Summary of Degradation Tests With Two-Way Cyclic Loading

SRS SR PR E RS SR TSR ST EETENEEFEE g ey R 3 e SNy
Test Maximum Maximum ¥alue Peak Values Begradation Degradation
No. Static Skin Friction at End of in Percent in Percent’
Bkin at Btart of Degradation of tult,ztat. of tman,start
Friction Degradation Test
tult,stat, tmax,start
kPa kP a kP& i
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$;
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7. LOAD - DISPLACEMENT EEH&VIOUR UNDER STATIC AND CYCLIC LOADING

A theoretical prediction of the model pile behaviour as well
as the segment pile behavicur under ztatic loading has bean
carried out. A single slice model with 3 hyperbeolic stress-
strain material model for the soil was adapted. See Figure 8.

The shear stress descreases from the value +(ro) at the pile.
wall to a valtue of tir) at a distance r fFam the centerling
of the pile asccording to the following expression:

&

tiri=tirol¥ro/r

where ro is the pile radius.

The hyperbolic model gives the foliowing relationship between
the shear stress, t, and the shear strain, y:

Y -
=
1/G1 + y/tult
where i = inttial shear modulus
tult = shear strength
The following relationship can be shown fto exist betwsen the
secant shear modulus and the degres of shesr stress mobili-~

zation fi.e. t/tult)

.
Goec=Gik{t- ————= 3
tult

The vertical (or axial) movement,dv, of a section of the single
slice with thickness dr subjected to 3 shear stress t will hs:

gv = (t/Gseciddr

By inserting the above expressions for tir) and Gaec
the Latter expression and integrating from r=ro to a
distance R from the pile centerline, the following e
is derived:

tiral¥ra

Y OE e ¢ LniR/ro -~ tirel/tubt} ~ Lnfd - tipcd)/tulty
- ™5

b 3
Based on Gi - moduli extrapolated from triawial ang simple

shear test results from the laboratoru reports by Ertec,
McCleliand and NGI, which tended to Lie in the range 80 to
180 times the undrained shear strength, and by assuming an
outer boundary R egual 8¥ro for the model piite and 20%ro
for the segment pile the shear-stress ve axial displacement
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curves shown in Figure % and 10 for the two devicee respect-
ively could he derived. By further assyming alpha values of
0.5 to 0.5 at the pile soil interface the shaded ranges

can be taken as ocur best sstimate of rormalized Load
displacement behaviour under static loading.

The results of the prediction of the

taboratory model pile -
test compares fairly well with the measured Losd - displace-
ment behaviour during the first part of the test program.
The choice of & finite boundary, R, at & distance 20¥ro
from the pile center doess not have a very strong influesnce
an the results. At low Load Levels, say about .2, a varia-
tion of R from 10%roc to SO0%ro makes the stiffness Vary
with about +/- B0 to 25% relative to R = 30#%rn. At high
Load Levels, i,e, close to failure the effect decreases to

even Lower values.
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PREDICTED TOTAL NORMAL STRESS in kPA
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Percent Digeipation

Pore pressures in fine-grained submarine sediments:

R. H. Beanetr and J. R. Faris

0%

h
<

100%4

-

LI R I
R

-fe

¢4
L)

1
10.0

Time (Hours)

3:-2/4u2

Pore pressure dissipation measurements from Mississippi Delta for
4" piezometer probe and rescaled to 3" segment test.

CNRD 13-2 TENSION PILE STUDY LABORATORY MODEL PILE TESTS

231004

Scele

DET NORSKE VERITAS

Geotechnical Laboratory

[orawn by

Date

Approved

Fig.No,




SET UP TIME
2h 4h 8h 16h 1d 2d 4d
1400
1200 P |
\'%
1000 T~
\\‘
—~ 800
<
% \\
>
a 600 )
g — 30m
D
S 400 [ ——
o
=
=T
=
&5 e 10m
o200 ’
2h 4h 8h 16h 1d 2d 4d

Best estimate of pore pressure dissipation curves at various
depths below mudline.

CNRD 13-2 TENSION PILE STUDY LABORATORY MODEL PILE TESTS 231004

Scosle

Orawn by Date
@ DET NORSKE VERITAS

Geotechnical Laboratory Approved Fig.No. 6




Depth Below Mudline (m)

Skin Friction (KPa)

10 20 30

40 50

60

70

\

10 .

20
-

30
T

- \
<3 .
- \
b \
\ N
N Y
. \ .
N\ X ,
\ R
\

[an] %
™~
(e
[o0]

— Shear Strength Profile

2227222222 Predicted Range for Skin Friction

Predicted Residual Skin Friction

CNRD 13-2 TENSION PILE STUDY LABORATORY MODEL PILE TESTS 231004
Seole
. ’ Drawn by Deate
@ DET NORSKE VERITAS
Geotechnical Laboratory Approved Fig.No, 7




Single Slice Model for
Segment Pile

ST

—1 5" R/r =20
R =30"

Hyperbolic Material Model

> Y
I
Single Slice Model for i
Laboratory Model Pile |
|
)
o R |
r0=1,25cm R/ro=8 ‘
R =10cm

CNRD 13-2 TENSION PILE STUDY LABORATORY MODEL PILE TESTS 231004

S1ngle siice models With nyperbotitT materwl moaenur PrEd Tt IO Toceis
of laboratory model pile and segment pile.

Geotechnical Laborator Approved ) Fig.No.
Y

Drawn by Date
@ DET NORSKE VERITAS




No=1,0

u

0,2

Mobilized skin friction t/S

z[mm]

0 1,0 2,0 3,0 4,0 5,0
— s ———— e z/D[%]
01 2 3 4 5 6 7 8 9 10 11 1213 14 1516 17 18 19 20%
Normalized t-z curves predicted for laboratory model pile.

CNRD 13-2 TENSION PILE STUDY LABORATORY MODEL PILE TESTS 231004

Scale

Geotechnical Laboratory Approved Fig.No. 9

Drawn by Date
@ DET NORSKE VERITAS




1,0

L " T~ ]
N N
/ ~ ~d ez 2
0,8 / /
‘- G1= 125 Su Gi=62’5 Su
G1= 250 Su
0,6 N
~
: X \\\oa= 0,6
-o \
. NN
& 0,4 a=—0,5
<
£
w
©
[0}
o~
a 0,2
(o]
=
0 1,0 2,0 3,0 2,0 5,0 2Lmm]
+ ' —t ' ' " ' - z/D[%]
0% 1% 2% 3%~. - 4% 5% 6%

Normalized 1-z curves predicted for segment

tests.

CNRD 13-2 TENSION PILE STUDY LABORATORY MODEL PILE TESTS 231004

Scaie
Drawn by Date
DET NORSKE VERITAS
Geotechnical Laboratory Approved Fig.No. 1




